We have modified the method for the mea surement of cerebral blood flow using [14C]iodoantipyrine in small animals to overcome problems caused by rapid sequential arterial sampling. A second isotope, gamma emitting [99mTc]pertechnetate, is infused together with [14C]iodoantipyrine. The 99mTc is counted externally by a detector placed over the chest. The arterial curve for
The measurement of local cerebral blood flow in small animals using the freely diffusible 14C-Iabeled iodoantipyrine requires the determination of both the cerebral isotope concentration after sacrifice by quantitative autoradiography and the time course of the arterial isotope concentration (Sakurada et aI., 1978) . In practice, the rapid sequential collection of arterial blood from small animals is not easy and requires correction to be made for smearing in the arterial cannula (Reivich et al., 1969) . This smearing is caused by laminar flow of blood in the arterial cannula, which will distort the shape of the arterial curve. Although several groups of workers have successfully used this technique in the adult rat, the method is difficult to apply to smaller an imals, using narrower cannulae, where errors in the calculation of the smear correction may be signifi cant, especially where blood pressure and haema tocrit change during the experimental period. The errors involved in this technique have been pre viously analysed (Patlak et aI., 1984) . These au thors suggest that errors in flow measurement due to mistakes in sample timing (because of smearing in the cannula) can be reduced by infusing the [l4C]iodoantipyrine so that the arterial concentra tion is increasing throughout the experimental pe riod. However, despite this precaution, errors due to narrow cannulae may still be significant in some cases.
We have simplified this method by using a prin ciple established in humans, whereby arterial con centration of 133Xe is assessed by external re cording from the chest (Jaggi and Obrist, 1983; Pickard et aI., 1985) . Experimentally, gamma-emit ting [99mTc]pertechnetate is infused intravenously along with the beta-emitting [14C]iodoantipyrine (0.5 MBq/l00 g body weight) in 1 ml saline. The 99mTc is monitored using a solid-state cadmium tel luride detector placed over the animal's chest, and the chest curve is displayed on a chart recorder. At the end of the infusion, the animal is killed by de capitation, and an arterial blood sample is collected using duplicate weighed filter paper discs. The arte rial curve for [14C]iodoantipyrine can then be con structed from the 14C concentration in the arterial blood at the end of the experiment and the shape of the 99mTc chest curve. Although the diffusion char acteristics of 99mT c may not be identical with [14C]iodoantipyrine, this isotope was chosen be cause of its ready clinical availability, low cost, and short half-life.
METHODS
The method was tested using rats anaesthetized with pentobarbitone (60 mg/kg, i. p.). A short catheter was in serted into the common carotid artery. The smearing characteristics of the cannula were evaluated using the methods described by Reivich et al. (1969) in their orig inal experiments. The isotopes were infused into a fem oral vein at a variable rate, such that the arterial concen tration increased linearly over 1 min. In a first experi ment, [14C]iodoantipyrine and 99mTc were infused . into nine rats. The 99mTc chest curve was recorded usmg a cadmium telluride detector, and timed drops of blood were collected via the arterial cannula onto weighed filter paper discs. At the end of the experimental period, the discs were reweighed and counted immediately for 99mTc and 3 days later for 14C. The 99mTc and [14C]iodoanti pyrine blood curves were corrected for smearing, and all three curves scaled on the 60-s value.
It is known that the distributions of iodoantipyrine and pertechnetate are not identical over long periods. The re lationship between these two diffusible markers over 1 min was examined using six rats in a second experiment.
[125I]Iodoantipyrine was infused together with 99mTc, and both isotopes were detected over the chest using a shielded sodium iodide detector. The output was con nected to two channels of nucleonics and to a twin channel chart recorder. The parameters of one channel were set for 99mTc and the other for 1251. The chest curves 1 Sacdfice 100% of both isotopes were thus separated on the chart re corder. As before, data were scaled on the 60-s value.
In a final experiment, performed in 10 rats, the accu racy of the method for collecting a final arterial sample was assessed.
[14C]Iodoantipyrine alone was infused, and timed blood samples were collected from the arterial can nula. At 60 s, the rat was killed by decapitation, and du plicate weighed discs were used to collect samples of ar terial blood from the severed neck. This procedure can be performed rapidly and with very little contamination from venous blood. The samples collected from the arte rial cannula were corrected for smearing and the arte rial curve constructed. The extrapolated 60-s value was then compared with the average of the duplicate neck samples.
RESULTS
The results from our first experiment are shown in Table 1 and are displayed graphically in Fig. 1 relation was found in the 15-60-s period, and the slopes were compared with a repeated-measures analysis of variance. No significant difference was found between the means of any of the slopes, with difference between the 99mTc chest curve and the [14C]iodoantipyrine blood curve being 5.6%. The integrals of the scaled curves (from 0 to 60 s) were then calculated, and again, there was no significant difference between the means of the integrals-the difference between the 99mTc chest curve and the [14C]iodoantipyrine blood curve being 8.2%. The results of our second experiment, the com parison between [1251]iodoantipyrine and 99mTc chest curves, are shown in Ta ble 2. The slope of the 15-60-s portion of the curve and the integral from 0 to 60 s were calculated. Comparison between 99mTc and 1251 using a paired t test showed no significant difference between the slopes or integrals of the two isotopes. The mean differences were 0.5% and 0.9%, respectively. Ta ble 3 shows the comparison between samples collected from the severed neck onto discs and values calculated from the [14C]io doantipyrine blood curve. The mean difference be tween the samples is 1.9%, and there is no signifi cant difference by paired t test.
DISCUSSION
The scaled curves were used to model cerebral blood flow by substitution into the operational equation (Reivich et al., 1969) . Calculated flow was found to be lower when measured using the 99mTc J Cereb Blood Flow Me/ab, Vol. 7, No.1, 1987 chest curve. The relative reduction was 9.73% at 1 mllg/min, 8. 17% at 2 mllg/min, and 6.73% at 3 mllg/ min. These comparatively small differences in cal culated flow may be due to errors in the smear cor rection, rather than to differences in the true arte rial distribution of labeled compounds, as a comparison of Ta ble 1 and Ta ble 2 makes clear. This method facilitates cerebral blood flow mea surements in small animals and provides values that compare favourably with the standard method.
